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(54) IMPROVEMENTS EN DYNAMO^ELEGTTRIC MACHINES 
mCLUDING ADHESIVELY BONDED C02V1MUTAT0RS 



(71) We, GENERAL ELECTRIC 
COA/IPANY, a corporation organised and 
existing under tiie laws of the State of New 
York, Umted States of America, of 1 River 
Road, Schenectady 12305, State of New York, 
United States of America, do hereby declare 
die invention for which we pray that a patent 
may be granted to us, and the mediod by 
wMch it is to be performed, to be particularly 
described in and by llie following statement: — 

This inventioa pertains to dynamo-electric 
machines including commutators which are less 

^ ^ * _ _ _ ^ - — 



A large majority of d-c motors and gcnera- 
torSi particularly those intended for indus- 
tri€d use, include as an important component 
thereof a cj^drical rotatii^ commmator hav- 
ing a pluiality of spaced apart segqaems on the 
outer surface dieroof^ eadi of the segments 
bdng capaUe of conducting a substantial 
amount of electrical current and therefore 
being of relatively layge mass. In operation> 
diese segments are sixbiect to substantial centri- 
fugal foice as the commutator rotates. This 
centrifu^ force nooist be resiscedi in order to 
maintamthe inte^griiy of the strucmre. For this 
purpose, various forms of mechanical restraan*- 
I'ng means axe generally utilised. These re- 
straming means may tste the form of shrunken 
rings or glass bands at several positi<ms around 
the periphery of the commutator or ^otdders 
or dovetails m the commutation segments widi 
mating retaining shoulders in the commutator 
base. 

Another less generally used form of 
mechanical restraining means is made fay 
molding the commutator base with the com- 
mutation segments imbedded therein. In com- 
mutators of this type, the commutation seg- 
ments generaUy iiEdude an expanded base 
* portion or shoulder to facilitate restraint of 
movement of the segment by the base mem- 
ber in which it is in^jedded. 

These prior art mechanicaHy bound com- 
mutator assemblies share certain serious cfis- 
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advantages. First, the mechanical design of 
these commutation segments, to provide for the 
mechanical retraining means, is longer in the 
radial dimenaon and complex in shape. In faci^ 50 
a trapezoidal cross section is generally used 
to provide adequate width on the outer surface 
of the segments and adequate spadi^ between 
segments at their inner end. The cost of these 
s^ments is therefore excessive. 55 

Sccondiy, typical prior art commutators are 
difficult to assemble with the segments in 
properly spaced relationship. The criticallity • 
of this spacing is seen from the fact that in 
the assembly commutators for most Indus- 60 
trial type dynamodcctric machines now manu- 
f actured^ diese commutator segments are 
placed individually by hand into a commutator 
assembly fixture md mica spacers, also indi- 
vidually placed by hand in the assembly, are 
used to set and maintain the spacimg between 
the commutation segments. This assembly tech- 
nique is a major factor in the cost of conven- 
tional prior art commutators. 

To some extent;, the prior art also includes 70 
other t^pes of commutator assemblies. For ex- 
ample, in small motors, a disc commutator, in 
which thin cc^yper foil commutation segments 
are adhesively bonded to the planar face of a 
disc base;, has been suggested. Such a cwi- 75 
struotion is clearly Umited: to very small motors 
in view of the Imiited current carryii^ capacity . .. 
of f olL Further, in a disc construction a rela- 
tively large amount of bonding surface fadli- 
taces the adhesive bonding means;, as does the 80 
small mass of the foil commutation segments. 
Centrifu^l forces exerted by commutator seg- 
ments for industrial motor applications can be 
stgntficantly higher than in prior art foil type 
commutators. These centrifugal forces can be 85 
expressed in Ibs/inVmil of copper. Typical 
forces for irKiustiial type commutators range 
from 0.1 to 0.6 Ibs/inynul of copper. The 
current carrying capacity of industrial type 
commutators is sig^Mcantly h^jher than tiiat 90 
of prior art foil type canunutators. Examples 
are included. 
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It is therefore the general object of the 
present iiiveatioa to provide dynamoelectric 
machines having a commutator assembly suit- 

5 able for iadustrial type dynamoelectric 
machines whidi assembly is less expensive and 
more easily manufacfiin^ than, those hereto- 
fore available. 

The present inventioa is a dynamoelectric 

10 machine cwnprising an armature commutator 
including a base member having a cylindrical 
outer surface and a shaft mouting means 
along die axis thereof, a coating of akimina 
on 1^ cylindrical outer surface of said base 

15 member^, a plurality of metallic commutation 
segments drcumferentialiy spaced at equal 
intervals about said coating on the base mem- 
ber, each of said segments extending length- 
wise of said base member and having an essen- 

20 tially flat bonding surface adjacent and tangent 
to the outer surface of said coating, and a non"- 
metallic^ non-^conducdve, highly dielectric ad- 
hesive layer interposed between each of said 
segments and said coating for bonding said 

25 coadng and said commutation segments bond- 
ing surfaces, saH layer being co-extcn$ive 
with said bonding surfaces. 

In the preferred embodiment of the present 
invention, specific epoxy and polyimide ad- 

30 hesive resins are used to bond copper, 
aliuninium or ztnc-coated copper ccmimuta- 
ticn segments to an idectrically insulated 
cylindrical base member. 

An embodiment of the present invention 

35 vsrill now be described, by way of example, 
widi reference to the accompanying drawings, 
in which: — 

FIGURE 1 is a perspective view of an arma- 
ture for a typical industiial-type dynamo- 

40 electric machuie aorcxrding to the present in- 
ventioni 

FIGURE 2 is a cross sectional view of the 
commutator assembly shown in FIGURE 1; 

FIGURE 3 IS a perspective view of ^e 
45 commutator segment used in the assembly 
of FIGURE 1; 

FIGURE 4 is a perspective view of one 
typical type of prior art comnxutation seg- 
menti 



FIGURE 5 is a perspective view of another 
typical type of prior art comnutation! segment; 
and 

FIGURE- 6 is a per^ctive view of an 
apparatus for autcmaticaliy assembling the 
commutator assemblies. 

Referring more spediflcally to FIGURE 1 
there is shown an armature assembly 10 for 
an industrial-type dynamoelectric imchm^ in- 
eluding specifically armature coils 12, arma- 
ture shaft 14 and a commutator assembly 
which includes an alumina coated cylindrical 
base member 16 aad commutaticmi segmenits 18 
mounted thereon. The ends ISa of the seg- 
ments are in electrical contact with armature 
coils 12 tiirou^ lead wires 12a, 

A dommutator assembly is provided in which 
commutation segments are fastened onto the 
base member 16 through the use of the full 
surface area of these commutatuxn segments 
which is in contact with, the alumina coating on 
the surface of the base member 16. By makmg 
use of the full surface area for the purpose 
of attadiing the commutation sq^ents IS to 
the base membar .16, the stzess which is pro- 
duced on the commutadon segments 18 as the 
armature assembly 10 rotates is thus dis- 
tributed over the ftill surface area of these 
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commutation segments. 

In contrast^ the prior art commutation seg- 
ments, such as those ^own in FIGURES 4 
AND 5, have a xesuLtii^ high stress , concen- 
tration built up at various comers of these seg- 
ments because the bands or molding com- 
pounds used to hold these prior art segments in 
pkce teml to retrain the commutation s^- 
ments against movement by opposing centri- 
fugal force over a relatively small area of 
segnaentsL By providing a commutator assembly 

'which inherently has a substantially unifortn 
stress distribution over the surface of the indi- 
vidual commutation se^pnients;, . it is possible 
to substantially decrease the amount of copper 
which is used in the manufacture of each of 
these segments, to increase the mechanical 
stability of the commutator assembly, and to ' 

. simplify the construction of the commucator. 
assembly. 
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Hie oHninutator assemWy in FIGURE 1 
is seen in cross section in FIGURE 2 where- 
in diere is shown q>ec£fiucalt7 rotating base 
member 16 and a canmmtaticm si^^ienc 18. 

5 As seen in FIGURE 3, in which is ^own^ 
per^>ectivdy> metallic onmmiffation segment 
18, each of die s^meats in the cQ!nmutatO!r 
assemUy shown in FIGURE 1 is of relatively 
simple sh^>e with a rectangiilar cross section. 

10 This is in contrast to the trapezoidal shape 
of the typical prior art commutation segpaents 
shown in FIGURES 4 and 5, which it will 
be noticed are also of complex; side shape in 
order to provide a dovetail 22, in FIGURE 

15 5, and scats 24 for glass bands, in FIGURE 4. 
The compter shape and trapezoidal cross 
section of typical prior ait commutation seg- 
ments> as seen in FIGURES 4 and 5, render 
such segments CKpensive and. difficult to pro- 

20 - ducc. Moreover, such segments generally must 
be hand placed and assembled using mica 
spacers to maintain the proper intersegment 
(Ustance. T^ further adds to the espense and 
casiq>lexity of comventional prior art commuta* 

25 tors. 

In contrast the commutator assembly de- 
scribed hetetn may be easily mass produced in 
that the segments of this assembly may be 
anvultaneoudy positioned and sealed to die 
ccoimuxtator base member. One form of 
apparatus for that purpose is iUustrated In 
FIGURE 6. More speoihcaEy, there is shown 
apparatus including a* shaft 26 for mounting* 
base member 16 of the commutator structure to 
be assembled. tMeans are provided in the 
apparatus base 28 for rotating shaft 26 thzxyugji 
a precise predetetmioed arc ^ for example^ 
by an aic-divider not shown. The base mem- 
ber 16 and shaft 26 may be rotated throiigh 
40 a predeteimined arc of a circde by any of 
several devices manufactured for this putpose. 
These devices mchxde manually operated 
dividing heads, ratchet-type indesexs, cam or 
air operated d^loes or numerical tape control 
45 systems. The apparatus also includes an over- 
head support 32 from which is susp^ded a 
commutator segment supply and delivery 
means 34 adapted to move, downward and 
position a commutaticMi segment 18 on base 
50 member 16. Means are also protvided for 
activating an adhesive layo: intexposed be- 
tween coomiutation segment 18 and the 
alisnina coating on base member 16. This acti- 
vation means may comprise reostance heating 
55 leads, an ultrasonic geneiator^ or some other 
type of energizing device^ disposed at the lower 
ettd of ocMttmutatioa segmeaot supply and posi- 
tioning means 34. The adhesive activatiotk 
means may ateo comprte some type, of ener- 
60 gizu^ sudi as heatmg the base member 16. 
Dials 30 and 36 may be mounlcd oq base 28 
for controlling the arc divider and adhesive 
acthraxing means. 

In operatioi^ the eippRraXus.ai FIGURE 6 
65 functions in the followiag maimer. A base 



member 16 is moiEised ob sha^ 26 so that die 
ahunina coated c^iindricai outer surface. of 
base member 16 is directly below cotnmutar 
tion s^pients soppty and positiomisg means 34. 
Adhesive is applied ekher to the coated 
cyhndrkal omer surface of base member 16 
or by app^icaxac means in commucation s^- 
mc&t positi(Miii^ and suf^ly means 34 to the 
lower sarisLCc oi commutation segment 18 at 
the lower end of si^sply and positionkig means 
34. Supply and posttioning means 34 is then 
lowered automatically to bring commutation 
s^ment 18 into amtacty throu^ the interposed 
adhesive layer, widi base member 16 and 
activation eneigy is supplied to promote the 
bonding of segoio^t 18 to the coating on base 
member 16. FositioalDg and supply means 34 

It 18 and 
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then releases commutation se_ 
moves back vp to its starting position while 
the rotating means in apparatus base 28 turns 
^laft 26 through a precisely predetermined arc 
corresponding to the desired intersegment dis- 
tance of the final commutator assembly struc- 
turt. The sequence is then repeated uz^ shaft . 
26 has been rotated through 360^ and com- 90 
mutator segments have been bonded at equally 
^aced intervals aboiit the drcuznfereatial peri- 
phery of base member 16. Hie assembled com- 
mutator structure is then removed from shaft 
26 and is ready for assembly into the axmar- 
ture of a dynamoelectric machine. 

Many adhesives require a cure after mitiai 
activation to brmg about uknnate . baod 
strength. This cure may be effected by remov- 
ing the commutator assembly from the 
assembly apparatus^ tempoc^uily securing aQ of 
the segments via mecfaatucal bondkig means in 
their bonded positioQ and placing the entire 
assembly in an oven. Tape or rmg^ may be 
placed around the assembled s^^ents to 
secure the segoients to the base member during 
this post-airing stage. Hie temperature and 
time of cure is of course dependent on the 
particular adhesive. 
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hst commutator assemblies intended ios 110 
spcd&c applications^ it may be deskable to 
provide other means to assist the adhesive 
bond in restraining segments from movement 
with re^>ect to the base member. For tiiis pur- 
posc;» heads may be placed on the commuta- 
tor in areas where they do not interfere vrith 
the brush trad?, such as at either oui of the 
comnnztacor or between biu^ macks. . How- 
ever, the bands or odier rescrainoog means 
which may be used hi this manner are not 
of themselves adequate to hold the com- 
mutation segmeo^ onto the base member 16 
without the adhesive bend. 

Where a ptobkm is obsarvcd with respect 
to a ten^ocy opt die part of the commucation 
sggmcnts 18 to peel from the base member 
16, the use of these bands may be sufScaent 
to prevent the start of the peeling action near 
the end of the conmiutatioa segmems 18, isuch 
as near the end which is located away from iso 
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the lemaimng pardoa (xf the annacuie assembly 
10« Furdier, slots may be madmied on tbe 
. dzxnsnfereiice of tiie bogoded ccmmuitator for 
placement of the bands. GeaetaJIy, macfammg 

5 may be done by a standanl Caibdoiy tool. The 
commutatoir surface sbould also be machined in 
one of the conyentional manners. 

Other methods of assemiblmg the conrninCa- 
tor structuxe of tide present inveadoni will also 

10 be apparnit.to those skilled in the art One 
such akematLve is to poskion aU segments 
about the cxicumlereace of the commutator 
base member simultaneou^y, mih an adhesive 
. layer intexposed bedveen the coated base mem* 

15 ber and the - segments and then simtiltaneonsly 
applying activation energy to effect the ad- 
hesive bond. Because of the difficulty of 
precisely positioning a multiplicity of commu- 

- tatoo: segments and holding these segments in 
20 these precisely determined positions fear the 

bonding operation, this method of assembly 
is sOTiewhat difficult. For this reason, this 
particular mediod of assembling the bonded 
commutator structure of the preant invention 
25 may not be as practical as that described 
above. 

The various elem^ts of the commutator 
assembly of the dynamo-electric machine of the 
: present iuvention may be comprised of a 
.30 .variety of materials treated in a variety of 
ways, 

: As se^ in Fig. 2, the base member 15 is of 
steel and is provided mith a plasma sprayed 
. alumina outer coating 17. 
35 The steel base members 16 may be prepared^ 
for example, by molding^ tuniing, cutting or 
grinding. Generally, the outer surface of the 
base member is sandblasted or rou^ened in 
some way prior to the application of die insu- 
40 lating alumina coating thereto. 

The commutator segments used in the pres- 
; ent invention may be made from rectangular 
or bevelled metal stock. Generally, they are 
made of coppa: or a copper alloy sdected for 
45 specific properties, although aluminum and 
other metals may be used.- When rectangular 
cross section stock is used, rounded or radiused 
edges are provided on the bonding sfuiface 
. therecrf to minimize stress concentration at the 
50 outer limits of this banding surface. If the 
segment is made of copper, generally it is de- 
greased with solvait and then acid (bright) 
. dipped to ensure bonding of the segment to the 
base member. In some cases, it may he desir- 
55 able to have a thin layer of zinc diffused on 
the surface of the copper segment Among 

- other things, this may improve the bondability 
of the copper seg?nents. Such a kyer may be 
provided by degreasiiig with solvent, acid 

60 bright dipping, cyanide cleaning, plating the 

- copper segments with zinc and th^ dMusing 
the zinc into the copper by heat ttteatine it at 
20{>— 250°C. 

Depending on the assembly method used, the 
65 commutator segments may then bci coated on 



their bonding surface with die adhesive to be 
used or delivered direcdy to the assembly 
apparatus. Alternatively, the adhesive may be 
applied to the copper segment in tlie assembly 
aj^aratus or k may be applied to the base 70 
member to which the segments are to be 
bonded. This may depend, among otfier things, 
on the design of the assembly apparatus and 
the assembly procedure used* Generally, if 

heating is used to provide the adhesive activa- 75 
tion energy, and if the base member is h^ted, 
the adhesive is si^pHed to the commutator 
segment. Conver^ly, if the commutator seg- 
ment is heated, tiie adhesive is aj^lied to the 
base member. If some other form of activation 80 
Q^€Tgy is used such as ultrasonic heating or 
radiant heating, for example, the adhesive 
may be applied eiilier to the commutator 
segments or to the base member. 

The adhesive is generally applied as a vis- 85 
cous liquid and a roller, liquid dispenser, or 
spray form of application may be used Such 
viscous liquid adhesive also includes a spacing 
filler, such as glass beads, to keep the adhesive 
from being squeezed out from between tiie seg- 90 
ment' and mounting surface thereby starving 
tiie bond interface of adh^ve material. Alter- 
natively, adhesives disposed in a sheet-type 
supply means can be applied by wrapping the 
sheet around the alumina coated commutator 95 
base member. * Hot melt adhesives may be 
applied by spmy, electrostatic, or fluid bed 
tedmiques arid combinaticms of these tech- 
niques can also be aipplied to hot melt ad- 
hesives JQQ 

The details of the various adhesive composi- 
tions which may be used will be descrS)ed 
below. " 

Adhesive used to provide the bonding layer 
in the commutator structure must be capable 105 
of providing- a high strength bond between a 
metallic segment and the alinnina surface of a 
rotating base member. Further, the adhesive 
must be non-conductive and have good di- 
electric strength. The former characteristic no 
is necessary to avoid arc-over between com- . 
mutatiCHi segments at the base tha:eof due to 
adhesive material around the commutation seg- 
ments while the latter characteristic is neces- 
sary to avoid voltage-induced breakdown of 115 
tfe adhesive material due to voltage differen- 
tials between commutation segments and the 
rotating base element to which the segments 
are mounted. Furdier, it is desirable that the 
adhesive be capable of withstanding hi^ tem- 120 
peratures since siich tempemtures are often 
encountered in larger d-c motors and genera- 
tors. Of course, the adhesive must also have 
good aging characteristics. 

While this invention is not limited to any -125 
particular adhesive or classes of adhesive^ 
certain- resin f amiliest, and particular examples 
thereof, have been^ found to be pardculaily 
effective in. the commutator structures dfe- 
dosed hereitt; These mchid^ spe^cafly, cer- 130 
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tain heat cured epoxies and polyimMes, Sudi 
polyimides indude diose des^ated as FAi34 
- and a sfloxane imide. According to the Ameri- 
can Cyanamid Company literature, FM34 is 
5 a polyimide adhesive supported by ^ ^ass 
carrier and containing a filier containing an 
arsenic compoimdL Accordii^ to our analysis, 
the resinotis portion is comprised of the re- 
action product on an aromatic dianhydride and 
10 aromatic diamine. The siloxane imide is de- 
scribed in U.S. Patent No. 3^25,450. 

Specific epoxides which have been found to 
be useful indude (1) a dtaminodifrfienyl- 
sulfone-cured poly-^yddol edicr of tctra- 
phenyl cdiane iiKludiag a line al umin um 
powder filler, (2) a pNdyanhydride cured poly- 
glyddol ether of bis-phenol A, and (3) a 
borcmtrifluOTide mono^ylamine and poly- 
ethylene ^ycol' mixture cured cydoal^)hatic 
20 epoxide resin. The first of these, which is 
commercially available from the Goodyear 
Company as Pkstilock 677, has been analyzed 
in. oiu: laboratories. According to our analysis, 
Plastilodc 677 comprises approximately 55 — 
25 60% of Epon 1031 epoxy resin (commercially 
available from the Shell Chemical Company), 
approximatdy 20% of diaminodiphenyl- 
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sutfcn^ approximatdy 1% of a Lewis 
type catalyst such as boron tnfluoride mooo- 
ethylaniine and 20—25% of a fine ah i mfnum 
powder. The second of the fmgfXDg epoxies;, 
whkh is commeictally available as Eocobood 
104 frran Emerson & Omingy Inc, was also 
analyzed . in our laboratories. According to our 
analyas> it comprises approximately 50—55% 
of an epoxide such as Epon 828 epoxy resm 
(commocially available from the Shell 
Chemical Company), 1.5—2.5% carbcm filler 
and 40—45% of pyromdlitic dtai^ydridc 
combined with certain fillers and pigaoents not 
included in the foregoing matjerial concenira- 
don calculations. 

In Table 1 below, there are listed several 
typical adhesives, together with their source 
ai^ type, which have been tested in a bonded 
commutator assembly, as disclosed herein. 
These test assemblies had a radius of 2.125 
inches and a commtitator segment weigjit of 
1.64 X 10~* pounds. In each case the struc- 
ture was test3cd either by high rate of revolu- 
tion or high temperature or bdh. The com- 
mutatCH-5 were not restrained by glass bands 
during the tests. 
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TABLE 1 



Cotnn 
No. 



Adhesives 
(Conomerdal 
Designodoo) 



Adhesive Chemical 
Type 



Adhesive 
Souioe 



Spin Test 
rpm 



4a 



4b 



4c 



4d 



4» 



4Ji 



DK4 Powder 



Fonnuia A 



Fonnula B 



Formula C 



Fhsdlock 
677 



Bccobond 
104 

Epon 958 



Epon 951 



HT 424 



Plastilock 
677 

FM34 



Anydride Cured 
Epoxide Resin 

Cydoaliphatic 
Epoxide Resin 

Siloxane Imide 



Cydoaliphatic 
Epoxide Resin 

AHune Cured, 
Phenolic MocUfied 
Eposdde Resin 

Anhydride Cured 
Epoxide Resin 

Filled Epoxide 
Resin 

Amine Cured 
Epoxide Resin 

Amine Cored 
Phenolic Epoxide 
Resin 

Amine Cured 
Epoxide Resin 

Polyimide 



Hysol 

Corporation 



U.S. Patent 
No. 3^25,450 



Gcoodyear 
Company 



Emerson & 
Cnmingy lac. 

Shell Chemicd 
Company 

Shell Chemical 
Company 

American 

Cyanamid Company 

Goodyear 
Company 



6000 25 



6000 25 



1600 25 



6000 220 



6000 220 



6000 240 



6000 150 



6000 150 



6000 
6000 



150 



6000 110 



American 6000 110 

Cyanamid Company 



Adhesive fonnula A is comprised of 87 to 
94% of a material similar to CY— 179 which 
is an epDxy resin made by Ciba Chemical 
5 Company, 1 to 3% boron fluoride monoethyl- 
amine which is made by AlKed Qionical Cor- 
poration, 2 to 6% Carbowa 400 which is made 
by Union Carbide Chonical Company and 1 

4% pyrogcnic coUoidai silica which is made 
10 by C^bot Corporation. Adhesive fomiuia C 
is similar to fonnula A except that the pyro^ 
genie silica is exduded. 

Reference is made to our copending appli- 
cation No. 41613/71 (Serial No, 1361830) 
15 which also relates to dynamoelectric machines 
having commutators. 

WHAT WE CLAIM IS: — 

1. A dynamoelectric machine comprising 
an armature commiitatDr indading a base 



m^ber having a cylmdrical outer surface 20 
and a shaft mounting means along the axis 
thereof, a coating of alumina on the cylindrical 
outer sur^ice of said base memb^;, a pluraliiy 
of metaiic osnmutation segments drcmnferen- 
dally ^ced at equal intervals about said 25 
coating on the base member, each of said seg- 
ments extending lengthwise of said base mem- 
ber and having an essentially flat bond^ 
surface adjacent and tax^ent to die outer sur- 
face of said coating and a non-metaIlic> non- 30 
conductive^ hig^y dielectric adhesive layer 
interposed between each of said segments and 
said coating for bonding said coating and said 
commutation segments bonding sinifaces^ said 
layer beir^ co^^xtensive with wd banding 35 
sinfaces. 

Z A dynamoelwjfc machine as claimed in 
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aaim 1, wiieiem the cross-secdraial shape of 
said xgpienxs in a plane perpendicular to the 
lengdi tiiereof is gpnerally rectangular. ^ 

3. A dynamoeJectxic tnarhinft as claimed in 
5 Glaim 1 or Oaim 2, who^ said base mem- 
ber is comprised of sted with a plasma 
sprayed alimiina . outer coatmg. ■ 

4. A dsmamodectric machine as ctaim ed in 
any preceding claim, wherein said commuta- 

10 tioa segments are comprised. of a^>per. 

5. A dynamodeccric machine as claimed in 
Qaim 4, wherein the commutation segments 
have a diffused zinc coatir^ on the bondiiig 
surface tibereof . 

15 6. A dynamoelectric machine as claimed in 
any of Qaims 1 to 3, wherein the commuta- 
- tion segments are ocNnprised of aluminum. 
" 7. A dynamocloiric machine as claimed in 
any preceding claim, whereitt said adhesive 
20 layer comprises a cured cydoai^hatic epoxidie 
• resin. 

8. A dynamodectdc machine as daimed in 
Claim 7, wherein said cycloalif^iatic epoxide 
resin has been cured with a niKtare of boroa- 

25 tnfiuoride monoediylamine and polyethylene 
glycoL • 

9. A dynamoelectric machine as daimed in 
Claim 1, wherein said adheave layer com- 
prises a polyanhydride cured polyglycidol ether 

Qg of bis-pnenol A. 

10. A dynamodectdc machine as claimed in 
Claim U wherein said adhesive layer is prcv 
duced by heat-curing a mi3dme^ obmpiesstvdy 



hdd betwe^ said base member and said com- 
mutation segments, said mnrtnre comprismg, 
by wdgjit, 50— 55% Bpm 828, and 40—50% 
pyromelHtic dianhydride, exclusive of non- 
reactive fillers and pigma^ 

11. A dynamodectric machine as claimed 
in Clann 1, wherein said adhesive layer com- 
prises a diaminodiphenylsulfone-cuied poly- 
glyddol ether of tetiaphenyl ethane induding 
20—25%, by wd^t^ based on the wei^t of 
cured resin, of fine ahmfnimi powder. 

12. A dynamoelectric machine as claimed 
in Claim 1, wherein said adhesive hyet is pro- 
duced by heat during a mixture, comprcssivdy 
hdd between said base mesnber and said 
commutation segments, said mixture comprise 
ingj by wdgbt, 55 — 60% Epo5> 1031, approxi- 
mately 20%. diaminodq>henyl-sulf6ne;, 
approximately 1% of a Lewis add type cata- 
lyst, and 20 — -25% of fine aluminum poiwder. 

13. A dynamoelectric machine, as claimed 
in Claim 12, wherein said Lewis acid type 
cataljrst is borontrifluoride moooetiiylamine. 

. 14. A dynamodectiic machine living an 
armature commutator substantially as here- 
inbefore described with refeienoe to, and as. 
iHustruted in, Figs. 1 to 3 and 6 of the accom- 
panying drawings. 

For the Applicants, 
GRAHAM WATT & CO., 

Chartered Patent Agents, 
3/4, South Sqimre, Grays Im, 
London, W.C.1. 
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